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1. Conduciive Spacecraft Materials Development Program

Hits--aliaiihhhab e

William L. Léhn
Air Force Materials Laboratory
Wrighit-Patterson Air Force Base, Ohio

Abstra-t

A jointly planned U.S. Air Force-NASA progtam has been established to in-
veéstigate the spacecraft chaging phenomenon. The objectives of this program are
‘ to provide desiin critéria, techniques, materials, and test methods to ensure con-
s trol of absolute and differéntial charging of spacecraft surfaces. The materials
development tast of the investigation is the responsibility of and is being directed
by the Air Force Materials Labo ratory (AFML).

The controdl o absolute and differential charging of spacecraft cannot be effect-
ed without the déveinpment of riew and improved or modified materials or tech-
niques that will provide electrical continuity over the surface of the spacecraft,
The materials' photoemission, secondary emission, thermooptical, physical, and
electrical properties in the spate vacuum environment both in the presénce and
absence of elé¢ctrical stress and ultraviolst, electron, and particulate radiation,
are important to the achiévement of charge control. The materials must be stable
or have predictable response to exposuré to the spacé environment for long périods
of time, The materials of intérést include conductive polvmers, paints, traasparent
films and coatings a. well as fabric coating interweaves, The program initiated by
:'hé AFML and rélated efforts to develop these new or modified materials will be
discussed,
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. INERODUCTION ..

A jointly planned U, S. Air Forceé-NASA interageéncy interdependency coopera-
tive research and technology progmml has been established to investigate the
synchronous orbit spacecraft charging phenomena, The objectives of this program
are to provide design criteria, techniques, test methods, analytical models, en-
vironmental data, and materials to endure the control of absolute and differential
charging of. spacecraft surfaces for the reduction/elimination of arcing/discharging.
The investigation has been divided into a number of concurrent tasks or topics
represeénted hy the program topics of the Air Force/NASA Spacecraft Charging
Technology Conferenée; Geosynchronous Environment, Spacecraft Charge Modeling,
Materials Characterization, Materials Development, and Design and Test. Re-
sponsibility and direction of these tasks have been assigned to various Air Force

and NASA laboratories and centers. The materials development task of the investi= .

gation i8 the responsibility of and is being directed by the AFML,

2. BACKGROUND

The exterior surfaces of a synchronous orbit satellite, present a variety of
dissimilar material surfices ranging from polished metals to organic and inorganic
dielectrics to the ambient and disturbéd, magnetic substérm, énvironment. A
satellite immersed in the synchronous environment will coine into eléctrical équi-
librium, developing surface charges of -the proper sign and magnitude to reduce
the ret current between satellité and the environment to zero. A satellite with
parts in the 8un and parts in the shade can be expected to charge differentially due
to the photoemission effects. During periods of eclipse or in thé case of three-dxis
stabilized satellites with sun oriented solar arrays, some surfacés of the space-
craft are never éxposed to sunlight.. Without the photoemission of eléetrons to
dischargé the satéllite surfaces, extremély high negative potentials can thén ap-
pear. The capacitance and resistance between the various parts, ds well as the
dynamic characteristics of the ambient flux and satellite spin rate, will determine
the charging/discharging rates. If adjacent parts or areas of a satellite are
charged to be niultikilovolt differential, then the electrical stress may be great
enough to cause breakdown of arcing between the parts. The resultant arcing/
discharging may then give rise to electforaguetic interference generated afioma-
lous behavior or even ecatastrophic faflure in the satéllite electronics and related
gubsystemis and/or degradation of the thermal cortrol properties of the surfaces.
The latter results in a rise ii satellite component temperatures. Sincé the life-
time reéquirements of geosynchronous satellites aré increasing from the present
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three to five to sever to ten years, {t i8 necessary to prevent this degradation to
éndure sateilite lifetime and performance.

various active and passivé techniques havé heen proposed for the control of
the surface potential of a saiellite in synchronous ¢-bit in order ta reduce or
eliminate the charging probléems, Thése renge from the useé of ion or eléctron
thrusters as on ATS-5 and g% 3 arnid active cortrol of the Jupiter Orbiter probes4
to the use of électron emitting probes, 5,6 The useé of selécted materials with high
sécondary. électron emissions have been proposed to help avoid high négative equi-
librium potentials.7 Simple models havé beén developed for ¢stimating the surface
potentiul of satellites with insulating codtings. 8 Howevér, in all of these cases,
strong potential.gradients will inevitably exist and the simple models and achieve-
ment of an isopotential surface will be achieved only if the entire exterior surface
of the satellite is conductive, Therefore, in ordér to achieve contro! of the abso-
lute or differential charging of a satellite, the entiré exterior surface must be
made electrically conductive,

Examination of current and future genération geosynchronous satéllites reveals
the presence of a relatively small number of exterior materials: transparent
dieléctric solar cell covérs for large ~urface soldr arrays, the backside of the
array may be a bare or paintedorganic, dielectric or metallic material; areas of
multilayer thérmal insulation, (ML) blankets, with outer metallized polymeric
dielectric layers for the ends, sides, and/or back of much the spacecraft body:
flexible, metdllized polymeéric films or inorganic, fused silica, series emittance
coatings or optical solar reflectors (OSR's) for high heat rejection surfaces, Other
painted or metallized polymeric dieléctric tapes or films are used as shrouds and
anténna covers or to wrap bsoms and other structures, A minimum area of pdinte.d
or bare metallic surfaces make up the remaindér of the cxterior thermal control
surface. With the exception of the bare métallic surfaces none of these materials
are electrically conductive.

In tte case of most operational satellites, the control of differential charging
below thie arc/discharge thréshhold will prevent the anomalous and catastrophic
behavior previously observed, while on scientific technology satellites the absolute
cantrol of surface potential is often necessary in order to accurately define the
sateliite sheath and plasma énvironment, The effect of spacecraft surface poteniial
on contamination: thdt is, the attraction of ionized outgassing organic species, is
ancthet cornsideration and is the subject of a later paper, (Air Force '\latermls 1.abor-
atory ML 12) Spacecraft Charging/Contaniination Fxperiment on 8C AT H\ The
SCATHA SC1, Spacecraft Surface Potential Monitor (SSPM) E xpenment Y will
evaludte the surface potential of a variety of selected satellite thermal control
materials exposed to the synchronous space environment,

The Air Force SCATHA Satelliie“ scheduled for launch in mid 1978 will study

the spacecraft charging phenomena and measure the substorm generated
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efivironmiental parameters, The engineering experiments on SCATHA will measure
the materials respoiise to environmental charging and the effects of charging on
materials contamination, The data obtained will be used to substantiaté and cor-
relate with laboratory in situ simulation measurements and t6 guide materials
develovment. However, these data will not be available in a time frame to effect
the material selection for & number of cperational Air Force Satelliies or the
immediate matérial development efforts.

The time required for thé development, evaluation and flight qualification of
a new sSpacecraft thermal control material acceptable to the gspacecraft thermal
designers and engineers is estimated to be from three to five or more years, In
particular, this is true, for any material expected to perform for seven to tén
years or moré in the Space environment.

3. MATERIALS DEVELOPMENT PROGRAM

Based. upon the above background it is obvious that the control of absolute and
differential charging of spacecraft cannot be effected without the development of
new and improved or modified materials or techniques which will provide electrical
continuity over the surface of the spacecraft. A coordinated Air Force/NASA pro-
gram was initiated by the AFML to develop these new or modified materials, The
materials of intérest include conductivé polymers, paints, transparent films and
coatings as well as fabric interweaves.. The program roadmap is indicated in Fig-
ure 1. In order to méeét the near term satellité conductivé materials requirément
the approach has been to develop matérials modifications and techniques which can
be applied to current state-of -thé-art thermal control materials which can be inte-
grated directly into the current and near térm generation of satellites without a
long three to five years or more period necessary to space qualify new materials.
At the same time promising approaches for the devélopment of néw and novel mater-
ials will beé {dentified for later research and development.,

3.1 Conductive Fabric Coatings

The concep. uf silica fabric type thérmal cortrol coatirigs was déveloped under
AF sponsorship. These materials are extremely space stable, contamination free
materials and are candidates forany therfhdl control applications requirirg coatings
with low solar absorptahce to emittance ratios such as white paints, as the outer
layérs of muiti layér blankets or on the back of soldr array paiiels
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gigure 1. Combined AFSC/NASA Conductive Spacecraft Materials Development
oadmap

A contractual program to develop conductive interweaves of metallic aluminum,
stainless steel, or other conductive filaments such as carbon, and space stable,
silica fabric type thermal control coatings was initiated. Alternate approdches
include the use of séwn in conductive yarrs or conductively coated silica yarns. As
reported elsewhere in this meetinglz' 13 it has béen found since this interweave
program was initiated that the basic silica fabric when applied 4s the outer layer
of a thérmal blanket does rot arc/discharge. The conductive interweaves will
ersure a minimum distance from any area of the coating to a stable ground con-
ductor limiting the area or total charge available for discharge. The conductor
will have adequate capacity to conduct any digcharge to ground without conductor
loss by heatirig or sputtering such as might oceur with thin vacuum deposited con-
diictors,

A program to develop the manufacturiag téchiology to prépare anh optimized
I fabric in the proper weight and physically desirable widths for satellite use in-
cluding cleaning, handling, shipping, and other techniques has just recently been
initiated. THe materials developed have been proposed foi use in a number of cur-
rent dnd future sateilite therimal control applications,
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3.2 Conductive PolymesicEilms

The dévelopment of techniques anhd modifications which will reduce or prevent
the accumulation of a spacecraft charge on the surfaces of FEP Teflon or Kapton
used int thérmal blankets and tapes and films is being pursuyed under contract at

jeneral Electric., Approaches include materials modifications and conductive
metallic or oxide grids and coatings préeparéd by vacuum deposition or photo re-
sistant techniques as well as the development of stable grounding techniques. De-
tails will be discussed in a latér paper. 14

3.3 Conductive Thetmal Control Paints

Potential routés for the development of stable white paint type thérmal control
coatings have been investigated under .a contractual program at IITRI and will be
reported on in a later paper, 15 Approaches includéd the investigation of conductive
and noncorductive polymeric organic (quaternary ammonium polymers, polyvinyl -
carbazole) and inorganic (alkaline silicate) binders applied separately or in con-
junction with.conductive pigments, fiber or filamernts.,

The deveélopment of conductive, space stable, (five t6 ten years) white thermal
control codting pigments is a very challenging téchnical problem. The techniques
used to impart conductivity such as doping or nor-stoichiometry being contrary to
the factors nécessary to impart long térm space stability,

Conductive irorganic based thermal control paints have been developed in-house
at NASA in support of the ISEE program. 16 Recent laboratory investigations12
under. simulated synchronous orbit, substorm conditions indicate that the thermal
control paints charge but do roi arc/discharge. The conductivity of the paints ténd
to increase with surface potential bleeding the charge imposed by the electron flux
to ground. The conductive paints do not charge conducting the charge to ground.
Conductive black thermal control coatings are available,

3.4 Conductive Transparent Films

Research and devélopment of low cost conductive transparent coatings for ap-
plicatioti to both organic and inorpgdnic series emittance coatings or optical solar
réflectors (OSR's) and solar cell covers is being conducted undér a contractual
prog.-am at General Electric. Approadches include the deposition or formation of
transparent and métallic conductive grids and transpatent inorganic coatings by
vdacuum, electrochémical and mechanical techniques., The affect of the coatings
ot grids on the thermooptical properties, energy conversion. and long terim stabil-
ity of the state-of -the -art materials will be evaluated., Thé development and use of
conductive glasses for the covers are also being evaluated. Grounding techniques
will be developed.
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Conductively coated solar cell covers and OSR's are commercially available,
but the prices aré prohibitive if one envisions a large solar array of many ters of
thousands of solar cells,

3.5 Materials Optimization

Materials will be sélected for furthér development and optimization based upon
the results of the initial programs. Samples of the most promising mateérials will
be evaluated as potential samples for inclusion in the SCATHA and other space
flight experiménts.

3.6 Conductive Low Outgassing Adkesives

A program for the developm . of condtictive, low outgassing/low contamina-
tion adhesives will be initiatéd late in the current fiscal year. The use of con-
ductive adhesives to apply metallized inorganic and organic OSR's has beéen shown
to reduce the contamination releaséd.from the adhesive layer as well as the loss of
the vapor deposited metallized mirror layers due to arcing and thereby enhances
the long term optical performance of these materials, Similar enhancement of long
term optical properties due to reduced contamination i8 expected.

4. MATERIALS CHARACTERIZATION

The enginéering propertied beyond the initial screening evaluations of the
raterialg developed under the above programs will be evaluated in the synchrohous
space envitonmental simulation fdcilities developed by the. NASA/Lewis Research
Center as a part of the coopu:tive AF/NASA program. The material's photo-
emission, secondary emission, thermooptical, physical and electrical properties in
the vacuum environment both it the preésence and absence of e¢léctrical stress and
ultraviolet, electron, and particulate radiation are important to the achievement of
charge control. A litérature search” on the dielectric properties and electron
interaction phenomena related to spacécraft charging has beén conducted by per-
sonnel of the Rome Air Development Center (formerly assigned to Air Force
Cambridge Research Laboratory). The contihding roie of this reésearch group ih
tlie measurement of the classical electrical, thermal, and optical properties, as
well as the basic physical structure of the materials developed is not clear,

Studies of the photoconductivity effects of selected spacecraft materials are
being pursued by Nanevicz and coworkers at Stanford Research Institute under a

NASA sponsored program. 18, 10
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5. CONCLUSIONS

A coordinated, joint U.S. Air For¢e-NASA program for the development of

conductive spacecraft materials has been initiated. This program is part of a total L
coordinated, intérdependent program to investigate the spacecraft charging phenom-
éna and to provide design criteria, techniques, materials, and test methods to
ensure the control of abgolute and differential charging of gpacecraft surfaces.
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